








l?2xwi?Sm m Y1#28p a%m9Aw P H s -  
@ 3 







V p ~ e r  C&WW fm 2e;o'lr InrtlbQdg 119 
D m -  m .  





Tho bfonrtatl~ll UWIp41~b a d  WMk&@3md hl %Il?ih3 th8~&4 F @ p  

mcsnfm a tm~a~3doums mount of eq?asima%&l %ata, rzhitok fras bmn 

obtafnca%l %3 the &pdrat&&a laboratory oP %he 'Elursau (D$ Pi@@lt&m- 

tfon, C e n w ,  Colorado, orer a perf& oi pars.  It mprseeatis 

Gbo work 03' f lndt~lda~ifs ,  kru, nu;taeraua %o ~ m t k o n  bm, yet; 

the rutbox,wL~sha~~ t o  sxpmaa Prfs g$utl%u&a %u thfa g~cxtp %"or 

Ths aut%m I s  @%teP*il to tile Bumm of' EEaPbX~tPm, Be- 

~ r S ; a e x t  of" t f ~ o  In t s r f  ar, fox. @w!tfng pmk%~s%rm go ass tlm en- 

lclcrssd ~ k d ~ r f t ~ I  43d fox fmSshLblg tilt8 i L L d s % r a t i a ~  50 EbiB 

:zll etat4aanfs c-an&xIxmd, fiem2~ are Bqmm 02' $he BUL%OF 

acd do not n ~ a 3 n r P P y  aomti~uto opfn1w.a of Ehe Bamau ~f 804%- 



stm o f  o w p f a l  spillway ~ o t Z o n s  fm dsrm. Paz%%#tl27 dtm to 

t h ~ s  intamkt, =ah gmam1 i n r o m t t ~ n  h a  ~ s n  a0-t.d an 

(;ha sctbJa~t (both l a  the Laboratory and in tha f h l d  dwhg Chat 

;lerio$ crE C*. In addltlm t o  obh)lud isen the aars 

mutiw hpat13is  model CesW, ths rrZW bro ~taxumtt sod wperr- 
d 

rdea teat  pro~paas on basic Masat ton . o 8 s r m n g  cer- 

for the d e s i b  Pepartmmt, am4 ths msmlnder Ls p m a n w  bacr 



'EI any Ba-1 henat a b m  ad? swim, 3C-6s 







Tith the trend in rgoent ga#hlro &award LzWe~r B a a 3  an4 

p a t e r  depths of flaw over flu& spfllway seot20m3, the L&spsrt- 

afice ci pxovibfnpy; tha corrsdt O V O ~ ~ ' ~ Z  profile hrter bemu 

the lower napprts of  the wl~1DfgUi~fa stl-t of water fm t h e  s~x1- 

well aa the wost efflofent f3h~pb cDZ ~ e o t l o n  on whleh L S * ~  

$mria preasuass would be rimdl or nontrxistaht. fn ather wbrdb;, 

the gmsams on t h e  avePPaXl faaa ~raald splsm9~basts zatc"9 (4s- 

T i n P n ~  zum etis atswTphoric pressure) Far fbcs iaexbma d2setlarga 

eandftim. and fncmaso t o  mitive valusa for  BU tl-s 1888 

Coapemn&al  aaC i n  stam oases BoQrbtuntaXr 

61 dsf3ufenoy of d m  soation st caq? p o h t  m&ax the  nrsgpe 

~3411 m s u l t  Pa t h e  r a m t i o n  of a subatnoagherAe gretrsaae be- 

L%ecs=1 the Pownabream faoe of the des and tho aagp &* mser 

when aorsft%nlz is zlupgre  wed. WZth suf+ffo:ant a t & e t : ~ ~ ~ o : i o  

1. 733% sssulBant pmsaom of the spl2lmray seePLon &say be 

br::.~ forces &o lac?% that  row18 8etmrrt irwlr the  s ~ b S X l ~ y  



itsr ic?Cemc%bt~;ant pmfsnru;re~ crhara.$~, flaw. in oXtrww awtm 

anoitut4m mcrl loabZ5zeQ i$%alnkltg??atrZ~3 Of ?ib@ Bw*LCrim Emmn 

tm pit t fng.  

3. T M  Zac2Es~l%t@no~ of? t W  sabQ~wgtrar10 pmu391yz~ a m  

sd by the uaotnbrle orrrkllti~sz pzevakl%x~g tmw34th &h9 f l a w  

ahaaP; m n  ocsluea ~1 stake uf oibrabiagl jfn Ght~ Rh%b@ the 

nrapliWQ1a or thlQ vib~atAm i t a  ~wro~tmIizz@ly aml%, %he @a- 

mther mm@pr rrr&mrhenkrl &a%. The f h a t ,  amti estezmim, &rta 
pofiaps bhs -8 mOiaBle rrtuditas of oarw shame w ~ o  aempo of 

I 
3rrzh? ta lRl36-!3B, in ehlob e - ~ t s d  gl -ma?+ 



-tam Plo &m3!op 2hs B t % ~ k p ~  CZP am ~~~ d m  e0 Che the ~ V ~ B E =  

fx'louiing shsl.t w e  that ot I U X I I B ~  a at-- %a .s 



wham ho is the hem8 amisam f m  the BfgWst piBt af &he 

Ilmer nslrpw suxfacrt, Blgzm 1. The or%gin of? "e ec~aardimtat 

xe . zi,, hop 

T S ~  squatf &i 9 = 2.80 boy xa8 &so used the &%iuaf. Goaserr- 

say 1SSrsrtsSat in the c?asfp of Ma3.z sgiX1wap8, Tt mm uriplecg 

'~c3itkioat m y  L~a-9 for iasPtos.& atxt8tg. 2% #in tm ahmn 

t h a t  arrl;&Zy tSrs Lower nap* s m m  m be anlg a r ~ s p ~ ~ ~ 1 ~  

Vh@ pro2u4@3 oi tRe c%$pM aeizs raw da9@re8 ta t0-m a* 
pmx%.aafsSy t o  the pmfiLer d tke 2-s netm of We msila~ 
tmsr e stmrp-cmmted row as bttlmt.lasd by B e z i n 9 s  expm%rnsa%t#, 
Tba p r o i l l -  ea &sf@ed appmzfmaWy fn thdr appsr 
p o r t l m  r im the Zor?Pela leg r 2.0 Hg, ahan, z asd y are hori- 
zmtal verffefall ~oordina- aaam-8 from ?&a asebt of' th9 
rolr =t? H is the ~~ sffeotioe head on the qpm mtr II- 
olnding wde ts m*elooitg ot appmmeh, ~ 3 -  1. ~ h o  d L c -  

%onrfson, E., and Bxodie, O.L.;LIasrmrp Dem Dsal&n, pp.l2blS5, 
%nU 9C9P6. 

'%-.rd, 3 *&I., vydmulias of the i w  Flood C O H L ~ ~ ,  -Pm3n 
jectr ,@ Te~fnnkoal BepoFts;, Part 'ifZf, p. 223, 





I %%an, Pda 

r o a,- a4- &arn 

af the ~ * a a t s  rr$ a j& itPmab& fram a ahfa*@ otsllfQt3, 





playa8 b~c,csS and forth aasma %Ins wotr, ESXS.B@ 3% &ff f feulB %o 

Cm-8 She Xmar nagpa QUS~WB. T & w  vmm s ~ Y I L  f DS Sm- 

for tbta kP&sr 631sla4n~@3s, mp%s f m r i ~ b  al: tbm *@ir and 

broke SnB9 spray @a &am d5s9orkm b m b m a ,  TM roer 4dg 

C;he nap* acwferaea ladloate& t3aC a- 8~~!m$y Ol20~aipat;Sm ueear- 

I Mfum t;h@ water l a i t  ths w r a l r  a d  &@a Chat tire m 2 % 9 ~ r t w  

of the s2r t o  itm mu@ au$atmi~ woe grmtsr bban 2% rociLd ham 

a ~ c n  t o  a m o w  aoriooso pr&ua~d bg the r e r t ~ o a ~  we$r. pol. 





TAILL z - W E I R  t n c l l n c o  DOW~SIRLAY on I :$ BLOPC I 1 8  4 3 ' W l T ~  v c n T l c r L )  
COORDINATES or LOWER NAPPC roa D I ~ ~ E R C ~ T  V A L U C ~  OF h. n, 

VIM, 

o  ono oooo o  ooo o  ooo o  ooo a nw o cao o  ooo o w o  o ooo o ooo 0000  o ooo o  ooo ooao o ooo o ooo 
0GtO D o l l  0 0 1 6  0 0 1 5  0 0 1 4  0 0 1 1  D o l t  0 0 1 1  0 0 1 1  0 0 1 0  0 0 1 0  0 0 1 0  O W *  O W 1  GOO8 9 0 0 1  OOC1 
0 0 2 0  ~ 0 2 6  0023  0 0 2 3  0 0 0 5  0 0 7 8  o a t 1  o m 2  o o t ?  0 0 1 1  0 0 2 0  o a t *  0 0 1 1  0 0 1 6  O U I )  3 0 1 1  e o t o  
0 0 J u  0 0 3 6  0 0 3 1  O O J J  0 0 3 1  0 0 3 1  0 0 3 1  00 )O  0 0 1 9  UO28 O O t l  0 0 1 6  0 0 1 4  0 0 2 )  0 0 2 1  0 0 1 1  0 0 1 6  
0 0 4 0  0 0 4 2  0042  0 0 4 0  0 0 J 9  0 0 J 1  0 0 3 1  0 0 J 1  0 0 1 6  0 0 ) )  0 0 3 4  0 0 1 )  CGjC  6 0 1 9  0 0 2 6  0 0 2 ,  OOt8 

OO$O 0 0 1 8  0 0 4 8  0 0 4 6  0 0 4 5  0 0 4 4  0 0 4 )  0 0 4 1  0 0 4 1 ' 0 0 4 0  0 0 3 9  0 0 3 1  0 0 1 6  0  014 0 OJI 0  026 C O?l 1 0 0 6 0  0034  0052 OO>I  o o % o  0 0 4 9  o o a a  OM! soar 0 0 4 s  O O * ~  0 0 4 %  0 - 0  0 0 ) )  o o v  OL$O GO?. 
0 0 1 0  00 )a  0 0 5 ?  0 0 5 5  0 0 5 4  0 0 $ !  0 0 5 z  0 0 5 1  0 0 5 1  0 0 9 0  0 0 4 9  0 0 1 )  0 0 4 4  0 0 4 1  0 0 5 1  OOJJ OCZ? 
0 0 8 0  0 0 6 2  0061  0 0 ) )  0 0 5 8  0 0 5 1  0 0 5 6  0 0 ) )  O m 4  0 0 5 )  0 0 5 1  CO)O 0 0 4 7  0 0 4 4  0 0 4 0  0031, 0 0 2 d  
0 0 9 0  0066  0055  0 0 0  0 0 6 3  0 0 1 1  O M 0  0 0 5 1  O O I l  0 0 3 6  0 0 5 1  0 0 5 )  0 0 3 0  0 0 4 1  0042  OOJO 0 0 1 0  

0  100 0 0 6 9  0 0 6 1  0 0 6 b  0 0 6 5  0 0 6 4  0 0 6 ,  0-1 O M 0  0 0 5 4  0  0 5 1  0 0 5 6  0 0 5 2  0 0 0  0 0 a 4  0 0 1 9  o c l ?  

0 190 0 0 1 4  0 0 8 2  0 0 1 9  C O ? @  

0 0 4 1  0 0 4 0  0  015 

4 L ." l , .$' 2.3 

". 0 103 D 12.  0  109 .G r , r  0 ? , C  0 t , ,  : I 1 E '  ' 

: ,3U a ,.I f ,  I .) 

1 133 1 Y I ?  i 9  9 6 9: 9 **J 6 8LI t 883 1 8*0 I 816 I-. r @>9 I 845 ~ $ 9  P 
J  J0r 2  6 7 6  d 01 7 w., 2  ,c' L 135 t 9 1 911 I r~: 1 1 .7  1 1 7 1  19t .  .. 9>1 , r 
2 3.. . ' ? 3  2 2 C :%I"+ . C-3 -Z  LW6 2 0 8 .  0  :Or, 2  I 0 ,CJJ :?: t ii 1 
l * C C  I ? ? O  ? > C 9  i 91 2 r !  / s p w  i ceJ 2 1 1 1  ' 2 1 . 4  . $ 9  Z I 6 4  2 >q . ' 2 t i ? *  . r:* - ? - I  
J 0  1 3 1 2  2 J a 0  a 3 0  2 :  2 :  2 2 1 1 %  Z ? W  ' 5  ' 0  ' 6  1 2 6  . '  . 1129 2 2 ~ '  2 1 1 3  1 

1 I C 4  2 4 2 6  ? 4  2 1 ~ )  ; $ 9 .  f 4": $n' 1 3 1 1  I $ 7 1  ) 7 $ 6  6 I (6 I t' r 3 - 3  1 J 2 :9( I 1.2 
,>',. d 4 25.8 : 24.r , 1  2 2 6 ...a 2 , .  > 4 :  > > ? b  t J & s i  
2 b W  : h v %  i b . 4  i L  1 :d# ) 6 ( i  2 ' 4 '  ? 5 * #  , , a 7 .  . 5  2 5 r b  2  5  : >:: , 1YL 2  W O  
1 6 5 6  t . 4  J l 3 i  1  I '  ? l o ?  J  ? L V ?  ' ? I *  zhna  ? h  .L.. : b u  4 6 .  \.* ) > e r  
JIOO : 2 8 J a  2 0 1 a  i 1 0  : a 1  :I$\ 2 . 4  4 . . . 2 5  2  1.9 2 . t ; LC,, / 
?  < "  14.1 1 9 ) 1  - 1 1  j v : <  4 . 6 a  . .'* 6 , & r l  2 8 ,  

I L .  5 .  J  , J  I % , . , *  , , , , #  , + ;it.: j I*>). . 



TIILL. 3 -  WEIR INCLINED DOWIISTREIM ON e:s SLOPE cas.eo-WITH v e s r l c r r )  
COORDINATES O f  LOWER NAPPE FOR Ol lFLRLNT VALUES 01 h8/M8 

-- - 

0410 0024 0 0 2 1  0 0 2 1  0 0 2 0  OOI7 0016 0 0 , 4  0312 0 0 1 0  0 0 0 3  OCOI 0 0 0 1  - O W 2  0006 - 3 "  C 
7440 0021 0 0 2 0  0019 0 0 1 1  0014 0 0 1 3  0 0 1 1  0009 0 0 0 1  OC05 0 0 0 1  - 0 0 0 1  .OOO> COO9 - C ? 4  
0450 0 0 1 8  C o t 1  0016 GO14 0 0 1 )  0 0 1 0  0 0 0 8  0006 0 0 0 4  0 0 0 2  O W 0  -000. - O W ?  - 0 0 ~ 3  - 0 C . 1  
0469 0 0 1 )  0014 0 0 1 3  001 t 0 0 0 8  0 0 0 6  0 0 0 4  0002 O W 0  - 0 0 0 2  - 0 0 0 4  .OO!" O9t2 .001o - 0 0 7 0  
0419 0 0 1 2  001s 0 0 1 0  0 0 0 1  0004 O W 5  0 0 6 1  - 0 0 0 1  - 0 0 0 3  - 0 0 0 5  - 0 0 0 1  - 0 0 1 ,  0915 " 0 0 2 0  -6CZ4 
0480 0 0 0 8  COO1 0 0 0 6  0 0 0 4  OOOl - 0 0 0 1  - 0 0 0 2  -0005 - 0 0 0 1  - 0 0 0 ,  - 0 0 1 1  - 0 0 1 )  0019 0 0 2 %  - 0 3 d J  
0496 0005 0004 0002 0000 -0002 -0004 -0005 -0008 - 0 0 1 0  . o o ~ z  c o t 4  . o o ~ s  . c o 2 1  0 0 2 0  - 0 0 1 2  
0500 OOOl $000 - 0 0 0 1  - 0 0 0 4  . 0 0 0 6  - 0 0 0 1  - O W )  - 0 0 1 2  - C 0 1 4  - 0 0 8 6  - 0 0 1 1  - 0 0 2 2  co?b . o o ) z  - 0 ~ ~ 6  0520 - 0 0 0 6  - 0 0 0 8  .a009 0012 - 0 0 1 4  - 0 0 1 6  - 0 0 1 1  - 0 0 1 1  - 0 0 2 1  . 0 0 2 4  -09Z6 - 0 0 1 0  - 0 0 1 4  0 0 4 0  - 0 C 4 J  
O:4@ 0084 ' 0 0 1 6  0 0 1 1  .OOZO - 0 0 2 2  - 0 0 2 5  .DO14 - 0 0 2 1  - 0 0 3 0  - C O l 2  . 0 0 3 4  0018 0043 0 0 4 8  GO52 
55b0 - 0 0 2 3  0024 " 0 0 2 %  0028 O O l l  - 0 0 5 3  - 0 0 3 4  - 0 0 1 1  - 0 0 1 8  - 0 0 4 1  0 0 4 1  - 0 0 4 1  - 0 0 5 2  -CO:( 3 0 6 0  
0580 - 0 0 3 1  0 0 3 1  0 0 3 1  0 0 3 1  - 0 0 4 0  - 0 0 4 2  - 0 0 4 1  -004: .Cob6 . 0 0 4 ¶  8 0 5 1  , 0 0 5 6  - W 6 r  0066 0 0 6 8  
06CO 0041 - 0 0 4 2  0 0 4 1  0046 - 0 0 4 9  - 0 0 5 1  - 0 0 5 2  - 0 0 5 4  - 0 0 5 6  - 0 0 5 9  0 0 6 2  -CO66 C070 00:4 . 0 0 1 8  
0610 - 0 0 5 0  -00>2 , 0 0 5 1  0056 0 0 5 9  0064 0 0 6 2  - 0 0 6 4  -0OtC - 0 0 6 9  6 0 1 1  .0015 -0OaO 0084 c o s l  0640 ,0061 -0067 3 0 6 1  -0C66 0060 0 0 1 0  - 0 0 1 2  - 0 0 1 4  - 0 0 1 6  - 0 0 1 9  - 0 0 8 1  . O C I I >  .Cot19 0094 - 0 0 5 1  
0660 - 0 0 1 1  - 0 0 1 1  0074 - 0 0 1 1  - t o 1 9  .Oobr - 0 0 0 1  -COB5 . 0 0 0  -00119 0 0 9 1  -0096 . 0 1 0 0  .OsO* . D I G 6  
0680 - O O R ?  joa4 - o o e r  -0087 -ooas - 0 0 9 2  -0094 - 0 0 9 6  - 0 0 9 s  - 0 1 0 0  0802 - 0 8 0 6  o i ~ o  ~ ~ $ 4  c , ~ ,  

0800 - 0 1 5 3  0 5  - 0 1 5 6  - 0 1 3 9  " 0 1 6 1  - 0 1 6 3  - 0  1 0  - 0 1 6 7  - 0 1 1 9  - 0  t l l  O I ? )  - 0 4 1 6  . ' # 1 9  0 s g 2  - o 1 @ 4  0 8 2 0  - 0 1 6 1  -0168 - 0 1 6 9  - 0 1 7 2  - 0 1 7 4  - 0 1 1 6  0  1  - 0 1 1 0  -0,132 0  I84  - 0  I86  - c t 8 9  - 0 1 9 ~  . 0 , 9 4  . j a y 1  0 8 4 0  01-30 - 0 1 8 2  - 0 1 8 3  0  -0188 - 0 1 9 0  - 0 1 9 2  .O19. 0 ' 9 6  - C  698 - 0  199 - 0 ~ 0 2  - 0 2 0 4  - 0 2 0 8  . o z i o  
0 8 6 0  - 0 1 9 4  - 0 1 9 5  . U l 9 b  ' 0 1 9 9  0201 - 0 2 0 1  - 0 2 0 5  - 0 2 0 1  - 0 2 0 9  - 0 2 . 1  - 0 2 1 )  - 0 2 l b  .O418 - 2  . 0 2 2 :  0866 .O100 - 0 2 1 0  - 0 2 1 1  0213 - 0 2 1 5  - 0 2 1 1  - 0 2 1 9  -0221 -0213 - 0 2 2 5  - 0 2 2 1  - 0 2 2 9  0 2 3 1  . t l 3 4  . 0 2 3 ?  

. . . _. 





-NNNN N N N ~ W  nnnnn 0 0 o m m  w c c m m  m m o - -  ~ m n u m  
0 00000 00000 00000 00000 00000 00000 00000 o m - - -  - - - - -  

I I I I I  1 1 1 1 1  1 1 1 1 1  I t I I I  I I I I I  I I I I I  , , I l l  I I I I I  1 1 1 1 '  - - 
OO-" "--- 

I I I I I  

o o m m m m  m o - ~ n  m m o n l ~  m m c o u ~  m - u m w ~  e ~ m m m  C - P O -  - 0 o m n  - m v , w ~  
w m m 0 - ~  n m w h m  O)ONC)W m r - m o -  e , o m c m  o m m u m  o O m - h  m m o - m  0 - m l n ~  m 

-NNNN NNNnn r o n n n m  u o o m r n  t o c r - m m  m m o - -  ~ n n o o  a 
0 yyyyy  y y y y y  yyyp': 00000 ypyyy  pyyyp yy7yy  00--- 1 1 1 1 1  - - ---  1 1 1 1 1  - I 

0 UYCCPI~- r - m m o ~  o h m ~ n  ~ N W U , ~  m ~ m m ~  r - - c o n  o m ~ a i m  m m ~ h -  m m m m -  m 
m m m o - N  n * L ? h m  m o - - n w  m c m m -  ~ w , n c m  ~ 1 , n m u m  a m m o a  N ~ u > - m  - - L O O N  m 
0 oo--- ----- -NNNN NNNN* nnnnn U P V O ~  W I D ~ ~ J C U  m m O - -  N7)nUV) Y) 

0 00000 yyooo 00000 00000 yo000 00000 00000 00'--- ----- - 
I I I I I  1 1 1  1 1 1 1 1  1 1 1 1 1  1 1 1 1  I I I I I  I I 1 1 1  I l l 1 1  1 1 1 1 I  I 

------- 
0 wmmmm m w m m -  n m m - e  c - m m o  ~ n w m -  e- an^ n c o ~ ~ o  m m - m O  m e 9 0 0  m 
o m m o - N  n u , n w m  m o - m e  mr -mm-  ~ w m r - m  o m m o m  o m m o w  ~ m m - m  o - m m ~  m 
0 oo--- ----- -NNNN SJNNNC) onnnn o w o r o m  wwr-cum m m o - -  ~ n n v m  m 
0 00000 00000 00000 00000 00000 00000 O O C O O  00--- - - - - -  - 

I I I I I  I I I I I  I I I I I  I I I I I  I I I I I  I I I I I  I I I I I  I I I I I  1 1 1 1 1  I 

o - ~ t t ) w  . * ~ ) r - m o  ~ o e o n  w o o c n  w n w o -  ---NO - - o r n u n  ~ n o n m  aa-no m 
n Q ~ O - u  n r m w m  m o - n o  m c m m -  ~ w m e m  o m m o m  - a m u o w  ~ m m - c  V - m m ~  m 
0 oq--- ----- -NNNW N N N N ~  n n m m n  U V U ~ U - ,  W W ~ ~ L O  mole-- N W I ~ O O  m 
0 P???? 00000 00000 00000 00000 00000 00000 00---  - - - - -  - 

I I I I I  I I I I I  I I I I I  I I I I I  I I I I I  I I I I I  I I I I 1  1 1 1 1 1  I - 
o nnnnn n r w c m  - n n ~ m ~  m m n a w  m ~ e e -  w o u - m  m n w ~ o  m-m-I- m w n r r m  m 
N m m o - N  n w m w r -  m o - N O  m w e r n -  ~ o , n c m  o o r n n m  m m u 0 , ~  -mo-I- *-ma>- m 
0 oe--- ----- -NNNN N N N N ~  OOROICI U W W Y ) ~  a w r - m m  m m o - -  f i t n n w n  m 
0 pyypy yyyyy  00000 00000 00000 00000 O O O f , ' ~  00--- .----- - 

I I I I I  I f I I I  I I I I I  I I I I I  1 1 ' 1 1  I I I I I  . I 1 1 1  I 

-pep--- 

0 ----- -NOYIC mNV)m- W(DNID- O - h - O  , D O n O C  F--?Om WmWmY) D n N - m  - m m o - N  n t m w e  -0-N* m w m m -  ~ o m l - m  o , n m o m  m r n - r o o  -r-ooc u - m r n -  m 
0 oo--- ----- -NNNN N N N N ~  -~r)l'ln r ~ r t ~ m m  O,D~-O)ID .'>.no-- N ~ R O ~  ~n 

0 00000. ooyoo yyyoo yTyyy ooouo yoooy 00000 O D - - -  ----- - 
I I I I I  I t  I 1  I I I I I I I  1 1 ,  I , I I I  1 1 1 1 1  I I I I I  1  

N 00000 O-C).CW m - U h 0  e m N W O  r O W R O  wOn01L) WONm,D U10OmO N N - O m  b 
0 ID-0-N m w m w r -  m 0 - N B  m w m m -  N O Y ) C ~  0 ,n rnum n m u m m  -cooh -a-mm- m oo---  ----- -NNNN N N N N ~  nnnnn o ~ o , n m  w w c c m  m m o - -  w c n u m  m X 00000 00000 00000 00000 00000 00000 00000 00--- - - - - -  - 

I I I I I  1 I I I l  I I I I I  I I I I I  1 1 1 1 1  I I I I I  I 1 I I t  I I I I I  1 1 1 1 1  I 

00000 00000 00003 00000 00000 O O O O O  O O U O 0  00000 0 % ~ ; x ~ ~  ON OW^ ON OW^ O N - r w m  O V ) O ~ O  I ~ O O U Y I  U Y I ~ ~ ~ C J  ~ 7 0 , n o m  o 
~ h h c r -  mmmmm mmormel  o o - - w  w - r , u v  ~ l ~ r ~ l w t -  h m m r n m  o 

00000 00000 00000 O O O O O  - ----  - - - - -  -----  - - - - -  N 

1 
"----.P --- ---.-. * 

o O N ~ W W  ~ O N N N  NN--0 0mmwV)  ONONR U ~ O N O  h m ~ u m  - e m - *  m ~ a 0 - a  ~ N , D - , D  
r- ---- ----- NNN WlnWlW-a U o U > W *  a h , - W m  o 88888 S o o o o  ooooo OXZZOo 008Z8S 88&0O O G o o o  ooovu ouooo 00000 
0 00000 00000 00000 C O O O O  00000 00000 00000 00000 00000 O' ,000  

I ,  t t I l I  ' I I I I  1 1 1 1 1  I I I I I  , , I l l  

- ----. ----- --- . 

0 O N * W m  m - n n n  R ~ N N -  - 0 m r - a  u r n - - -  n c m - n  a m - n c  oneon h - w m n  ,o--ooU-, 
W 000 00000 000-- --NNN ~ R R O ~  9 - a ~ ~  0 h h m m  
o 88Z88 8ZZ;GZ G G Z c o  ZGaoo ooooo ooooo ooooo uoooo oooo0 oouoo. 
0 0 0 0 ~ 0  00000 00000 00000 00000 00000 00000 00000 00000 O C 3 0 0 0  

I t  I I I I I  1 1 I I t  1 1 1 1 1  I I I I I  1 1 I I I  

-.------- 
0 O N * h O )  0-n-n * ~ N N -  - o m - -  * * N O -  N~DCUON m h 0 ~ 0  ONtDol ld - 0 - m ~  a r n n m n  
y, 00000 ----- ----- -- 000 00000 000---- - -  NNN N R R C I . 7  . tY ) IC IU>U)  mar -1 -m 
0 00000 00000 00000 00000 00000 00000 OOUC>O O O O U < i  I ; J C 3 0 U c 3  Q U O 0 0  
0 00000 00000 00000 00000 00000 00000 O O O O O  UOLC)"  C J U O U U  O O U O O  

I I I I t I  I I I I I  l l l l I  l I 1 l I  I I I I I  

----- ---- - ----- -- -"- -- - . --- 
0 O-lc)r-m ONOOO O O ~ R N  N - O Q ~ ~  h m ~ - 0  . -~)%01-  . t l ~ m . - m  - - o m -  ~ ~ N Q O  n e w - -  * 00000 ----- ----- --- 00 O O O o O  0000- - - -NN  N R n R . 3  U q V ) m a  , D W h c m  
0 00000 ClOOOO 00000 00000 C O O 0 0  00000 0 0 U 0 0  0 0 U O U  00000 00000 
0 O O O O O  00000 00000 00000 00000 O O O O 0  , , # . ,  

----- - . - . -.- ---- - - -"-,. " " ----.- -- --- 
0 O n m Q O  -N-Too ouoon  n ~ - O m  m l o o r u -  - o r o m 0  n m m o n  h o w - o  ~ S O - m m  N O - m o  0 0000- ----- ----- ----a 00000 0000- - - -NN m C ) - R t  u'f,noo \ D % D + c ~  0 00000 00000 00000 00000 00000 O O O O O  00000 O O C O O  00000 00000 
0 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 

l l l t l  1 1 1 1 1  1 1 1 1 1  1 1 1 1 1  1 1 1 1 1  

-- -- - .--..---.-.----- "-- - - --- 
0 O R o m O  - ~ - m , n  r ~ ~ n m , n ~  I Q ~ N - O  m c m m ~  0 ~ m c m  NUCOIN , D O I C ) \ Y ~  ~ h a w ? -  - W O O ~  
N 0000- - - - - -  ----- ----- 00000 00000 - - - -N  N N V > R R  UUoaUl  W W h C h  
0 O U O O O  O O O O O  O O O Q O  00000 00000 00000 00000 O O O O U  00000 O V U O O  
0 00000 O O O O O  00000 00000 00000 oyyyy 00000 oooy0 u o o o c >  00U00 

I I I I I  1 1 8  0 I I I I I  I I I I I  

-. -- - - .-- -" .- --. - ., -- - .-+-.----- 

0 00@6)- CVe- -u3  wU)aaD.n O ~ - N -  O ~ S D W R  - 0 1 . 3 m  - 1 ~ 1 0 ~ 7 -  YIC-oc - , ~ S O N ~  ~ N W N C  - 0000- ----- -----  - - - - -  -0000 00000 - - - - N  NNn-R . Y . * t o m  U,* ,DhC 
0 00000 00000 00000 00000 00000 00000 O O U O O  OQ0C2O 0000- -0000 
0 00000 00000 00000 00000 00000 00000 0 0 3 U O  00000 00000 00000 

1 1 1  l l 1 1 1  1 1 1 l 1  ~ I 1 1 1  1 1 1 ) l  

. . - - ..*-- --- - ... -- --- ---- 
N 0 1 ~ m -  NU~.D,D U)(D@@O ~ o m ~ -  O ~ I D V C ,  - O R ~ -  O N - S O ~  ~ t o o ~ , ~  O V ~  ---a m - h - w  OOOo- ---- - - - - - -  - - ---  - U O O O  O O O O U  - - -  - N  NNOR- V U U m o  o.D.De,- 
0 O O O O O  00000 00000 00000 00000 00000 00000 0000" OUOCIO 00000 
0 00000 O O O O O  00000 00000 OCJOOO o O ~ b ? ~  00000 00000 u O O 0 O  y y y y ?  

I 1 l I I  I l I 1 I  I I I I I  

---- - -- --.- - - --" 
0000 00000 CIOOOO 00000 00000 00000 00000 00000 00000 00000 
- ~ n t  mwt-mm 0-NRO_ a w ~ m m  U-NRU , n ~ ) h m m  0-NRU o w c m m  o - w n u  m a r - m m  
0000 ooooo - - - -  - - - - -  NNNNN NNNNN n m n n n  R ~ O R C I  o u u u o  - T U V U U  
0000 00000 00000 00000 00000 0 0 0 0 C l  0 0 0 l J O  00000 0 0 0 C ) O  00000 



- I  

o 

l.- 
tw 
h l  

0 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  . . . . . . . . .  
I i i i 1 1 ,  i i 1 1 1  , i i  1 1  , , 1 1 1  

0 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  . . . . . . . . . . .  
I i l i i i i  i i i  i i  i 1 1 1 1  

I ................................................... 

0 0 0 0 0 ~  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  . . . . . . . . .  " -- 
I I i i i i 1 1 1  i i  I i i  i % 

o + + + 0 -  o + . + o  + _ + 0 0  + . . . . . . .  o + +  . . . .  o 

0 0 0 0 0 0  0 0 0 0 0  0 0 ~ 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  . . . . . .  

' , . . . . . . .  , . . . . . .  T - T T -  

- r  o 
, -  

i , .  

~ w 

o; 

Q. 
~L X 

0 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 (  . . . . . . . . . . . .  
I I i i, ii,i i,i 

0 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0,~*000 0 0 0 0 0  . . . . . . . . . . .  
I i l ,i i .l i i 4 1 1 1  

0 0 0 0 0 0  0 0 0 0 0  0 0 0 ~ 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 
I I i i i i i l ,  l .  ~ i  i i i i  

t I 

+ + + + + o  o + - o _  + +  . . . . . .  + o  +o+o  

0 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 ~ 0 0  0 ~ 0 0 0  0 . . . . . . . . . .  
I i I I I i i i i , ~ • , , , i , • i , , . , , i 

+ + + + +  . . . . . . . . . . . . . .  
o o ~  o o o o o  o o o o o  o o o o o  o o o o o  o o o o o  o o o o o "  o o o o o  o 

0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  

W 

C~ | N 
Z 
] c e ,  m 

0 ~,J 

0 
~-~ . j  

bJ 

Z l,J 

< 
i v  Z 

W 

m 

p,- 

O O Q O 0  0 0 0 0 0  O 0 0 0 J  . . . .  
0 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 ~ 0 0  ~ 0 ~  0 0 0 0 0  0 0 0 0 0  O0 . . . . . .  
0 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  O0(DO0 0 0 0 0 0  

0 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  ~ 0 0 0 0  00¢~00 0 0 0 0 0  0 0 0 0 0  O0 . . . . . . . . .  

0 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  5 7 0 0 0  0 7 0 0 7  9 0 0 0 0  ? ? 0 0 0  0 0 0 0 0  

0 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  O0¢DO0 0 0 0 0 0  (~00 . . . . . . .  
0 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  O 0 0 Q ~  O O 0 0 0  

0 0 0 0 0  0 0 0 0  00.000 0 . . . .  ~ ~ - ~  ~ ~ m  ~ 0 0  - - - - ~  
0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0  . . . . . . .  

0 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  Q O 0 0 0  0 0 0 0 0  
i , . . . .  , . , i - - , • i i , i ! , i , J 

0 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 ~  O G O 0 - -  
0 0 0 0 0 0  ~ 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  O O C  C"O 0 0 0 0 0  0 0 0 0 0  

' t ! 

0 ~ 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0  
0 0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 ~  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  

l I I I f + ,  I + I i  + , , + l  I J  I 1 + £ 1 1  i i i i  

I . . . .  I 

o ooooo ooooo ooooo ooooo ooooo ooooo ooooo ooooo ..... 
o o o o o o  ooooo ooooo ooooo ooooo ?oooo ooooo ooooo 757oo ooooo 

i l I l 4 l l i ,  l + ,  + t i t  I l ,  + i  l + l l l  

0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0  ~ 
0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  O O 0 0 0  0 0 0 0 ~  ~ ~ ~ ~ 0 0 - - - - ~  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  ...... 
0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  

I I t ; ; i i i  l l l l  i i i i i i  i I  I , l + ? l  i i i i i  

0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  0 0 0 0 0  O O C J O 0  0 0 0 0 0  







TABLE 9 -WEIR  WITH VERTICAL UPSTREAM FACE 
COORDINATES OF UPPER NAPPE FOR DIFFERENT VALUES OF h,!H, 
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TABLE I I- WIER INCLINED DOWNSTREAM IN 2:3 SLOPE (33.69' WI'IH VERTICAL) 
-COORDINATES FOR UPPER NAPPE FOR DIFFERENT VALUES b F  ha/& 

Y H ,  





TABLE 13- WEIR INCLINED DOWNSTREAM ON 2 TO I SLOPE (63.43' WITH VERTICAL) 
COORDlNATES OF UPPER NAPPE FOR DIFFERENT VALUES OF h , / ~ ,  
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TABLE I 5 - W E I R  WITH . -" 
COORDINATES OF UPPER -~ 

45 -DEGREE UPSTREAM OVERHANG(M/N'Oo~/H 
NAPPE FOR DIFFERENT VALUES OF = 

Y / H ,  
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- 1 . 1 0 0  
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I .  300 
I .  400 
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1 . 8 0 0  
i .900 
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0 9 9 3  
0 9 9 2  
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0 . 9 7 9  
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0.94 7 
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0 .767  
0 .724  

0 .676  
0 .622  
0 .562  
0.496 
0 .422  

0 .338  
0 .248  
0 .149  
0 .038 

- 0 , 0 7 8  

- 0 . 2 0 8  
- 0 3 4 7  
- 0 . 5 0 0  
- 0 . 6 5 0  
- 0 8 1 0  

- 0 . 9 8 3  
- I . 1 6 0  
- 1.350 
- 1 . 5 4  4 

- 1.750 

- 1.960 
- 2 . 1 7 0  

0,02 

0 9 7 2  
0.972 
0.972 
0 9 7 2  
0.972 

0 972 
0.971 
0.97 i 
0 . 970  
0 .970 

0.969 
0.969 
0 9 6 9  
0.968 
0 .968 

0 9 6 8  
0 .967 
0 .967 
0 .966 .  
0 .966 

0 .965  
0 964 
0.961 
0 .960  
0 .956 

0.95 t 
0 .947 
0.94 I 
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EXAMPLE I 

X - Y - Y 
H X , y , 

* s  s Feet Feet Feet 
Elevation, 

I 2 3 4 5 

0.000 0.00 00 0.00 0.00 9 79.86 
0.05 0 0.05 69  1.01 I. 15 9 8  ! .Or  
0. 100 0.085 2 2.02 1.72 981.58 
0.1 50 0.10 14 3.03 2.05 9 8  1.9 I 
0.200 0.1093 4.04 2.2 1 982.07 

/ 0.250 0. I 109 5.05 2.24 982.1 0 
0.300 0.109 1 6.05 2.20 98 2.06 
0.35 0 0.1045 7.06 2. 1 I 98 1.97 
0.400 0.0954 8.07 1.93 98 1.79 
0.450 0.0829 9.08 1.67 98 1 .53 

0.500 0.069 10.09 I -39 981.25 - 
0.600 0.03 I f 12.! I 0.63 980.49 
0.700 -0.0; 8 14.13 -0.36 979.50 
0.800 -0.07 5 1 6 . 1 4  -1.51 97 8.55 
0.900 -0.14 0 18.18 -2.8 3 97 7.03 

1 

D .OOO -0.2 15 20.1 8 -4 .34  975.52 
1.200 -0.394 24.22 -7.95 97 1.91 
1.400 -0.607 28.2  5 -12.25 967.69 . 
I .600 -0.85 1 32.29 -17.17 962.69 
1.80 0 -1.133 36.32 -22.86 9 5 7.00 

2.000 - 1.452 40.36 -29.30 9 5 0.56 
2.20 0 - 1.799 44.40 -36.38 9 4  3.56 
2.400 - 2 .  180 4 8.43 -43.9 9 93 5.89 
2.600 -2.603 5 2.4 7 -52.53 92 7.33 

3 
- -- - - 
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EXAMPLE 3 '  

X - 
H .S 33.69-Degree 45-Degree 

Wier Wier 
I 2 3 

36.87-Degree 
Wier 

4 

x 9 

Feet 

I 

3 6 . 8 ? - ~ e ~ r e e (  Elevation, 
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SUBMERGED D A M  STUDIES 
D A M  COORDINATES A N D  F R E E  CREST 
COEFFICIENT OF D I S C H A R G E  CURVES 

Dectgned h e a d .  Ho = 0.62' Designed Head,  H, : 1-16 
P + E  r 3 . 4 4 '  o n d  0.25' P + E  = 3.54 '  
Length  o f  ~ r e s t = 1 5 2 '  L e n g t h  o f  C r e s t  =1,95' 
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20. 

Tim pzixwn@htm a a a  In the  oalua~rr 

fnEtP4raitsssr t&% dtsetsastps: per goo& 95 dger tar OBL* 3 ~ 8 ~ 3  Oaha!!m 





COEFFICIENTS OF DISCHARGE '- FOR OTHER THAN DESIGNED HEID  

HO= TOTAL HEAD FOR WHICH CREST WAS DESIGNED 
H = TOTAL OPERATING HEAD 

'-;) to '19;: Potnts at which water surfoce and 
pressure measurements were recorded.(See 
c ~ q u r e s  I1 and 12)  

SUBMERGED DAMS 

INTERFERENCE FROM THE DOWNSTREAM 
FLOOR AND SUBMERGENCE 



at We tag af the she& ma &ead%bg d , Wll~, lbm Qf~ml@m%- 

oiWT%a%amt of %%sobam $3 tta3.s mg$m h nut baaam3 brfP a- 

ease 'hn che a s s a d  BQMMD, btae 11s m%%mily ac d!%m.f; p m & e  by 





D~st f rom cras l  - ---- 

n:. d - = 176 -- h a  : 0468 
" 0  "0  

Dtst f r om ctsesf ---.-- 
Yo 

- Dtsf from 

t' 0 

(13) 



Efis get of ~r*,t;ar i L b t ~ 3 s f  aver the  BBI X O B ~ ~ X "  26UolgM d m  

'tho f ~ m ,  but t~&pam6M, a r ~ t n k s a 5 ~  a (;7mm@ 1!.34w,td m $ndJtmBet3 %n 

?Xoaie X I ,  25 ,  asrzti 19 an F % ~ ~ I  Ik am& 3ao !!?ha typeb 0f f lw i s  

for s n a ~  va.~uee s~ ' 4 4 "  r~aw *mu 
a"@ 

2 %ma ZTt was vgsy tt29, 



gsaao. PJP v.Suw of '4fi ZWU the! 1.90 tho 4a-QLI tlur -r-- 
c:m&YIelunt pmHu~)btd by ~IOQZ c~SrllbuB or Q c33bba@Lm $f: s u b  

Et agjmulli tscft't GhaL &b@ dnah LDness f a r  Trap X3.X a m  s k ~ ~ 4  

23s rhrlv the value ol '6 l a  praolim%lly t&e same tor Dhs Cno. 
9$" 

3n %!IQ f Xmst mas, a LFJ~B hflp&~t&L@ Jw~p ~ ~ u 8 S t  m d  Zt t lLb  sub 



aqkl Sb" ~6-z &aiga%d hmd on Omsea 

By h m b g  LIB aosiiiolent of d l a a h r n  a t  Ule de'2?& h W  it 

~ @ % b k @ ,  by &BtS&% or rigU333 &aa d e @ ! t ~ ~ @ 3  @it3 0@=10fM% 

a% othsr ehzfn the dfbs$$$ne-Cf b M .  T ~ Q  data for  plattlm Eha 'mmm 

was obtala& 3rlnai$dUy traa Wels  tee*rd, orsr e porld of 

%kt%@* LC t5e Bumau E f l ~ o L L a  Witmrato~y. A. ah.oi; on thi. dam 
33 *I# 

fm3 dttrsr seammar , sBm@d ex0)arbsnt o ~ ~ n t ; .  By thLs 

Test RcusaIWi ctzi Preraowres 

In ~ddi.Zlrun t o  tiypf2g G9e f im annil @.o$tIng %ba d~cux?@9e 

Pn tiha umfP%a$ent of It faaR~~fp far amoh emrPP, preaalaPlsPQs eat4 

aatar s ~ r f e w  prsfilea wm mmmm aPmg the P l m  fox s fms 

roymraerr$sl;5.are typaa af f.1- on ?lam 8- The ram aam 

r79tk the cpzstiag at the G@algm?k& &as$, a,, and %be rareaeii, 







g i3,BX and b6k * 
lit -Ila 

30.a r w.0 r =.SO f . ~ t  

a d  &d# ap Z&W a 30.6 a JQ.90 teat. 

T%e pstr~itrrxi or Pac#r s&&ii %hctmfo~~i) be t59.W feu#% 

b@lC#W t h e  ZV~S@WO%P X@Vtl& f0f: %h6 ~MQ~PT OC3MS%%oQ 46. W e -  

39.90 o 480.1 faas% fn olmfi%%m, Thte rlwr i a s  in.afieaW bg -6 

15@t17 66f;W f i ~  PO- S r  

Tho depU%n uf $low an the kaw~m&& 2%- at a gmht %, 
ar 12x3 fee* dcJWsb- frat3 ma areat, is Q * PBaW * ?&%.so s 
16*650 imf E& GIB@~ 4 tx? 8- 3.l %W t ~ p  t@ $1- 

t o  bs sxgsc~4mti. Tm cmef4leP~~~% QiLIaiutmp for dmmbPg(lt&~ 

fll-r r a t  rgldvcpf;%a 4gli3.P (29- 38) w U 1  84B S9SG %ml& tiha 



I sate %&a tbmefcmrra O I ~  st  e~uoa21;c~r~ WQ*O ( F O W ~ ~  as) ; b u ~  t ~ s  

cwffiaisnt WOU~ W 5namaaab BQ 3 r 7 @ s  

Tlm echotale 5% W Qwirrai! tm m5ntaQn thle 011- eapaolt%r Scar 

the c m  0~yiw-3 ~3@(3tio& a8 POX- $be f w r  f lat  o@ot;lm, We detoPiepa- 

or hoes 6x0 dLtorura%fw!m: ffrot, to itoamessts tha wiai8Ch aPi* the  

g p t b ' i ~ a y  ax. maa~(23,y, t a  ml~%oh  %ha BS&B width art& 03dv&tS@ 

03'498% Of ChQ Q@O 8b4tii(9i7+ Z ~ Z Z V ~ B I D G  ttftd 0maf %OUla &mCSflDO 

@ ~ B  ?.aad azd t3.ls-o m l u #  tba aecttssaq erawcamtim ~ ~ W $ ~ b  

cyma. ~f eM s p  s t ~ g ~ t w  ~3 a s o m  a f t g m ~ w ~  m-4 

mt3trofri.g tihe aiQ%h W s p ~ P l w ~ t $ ,  UXtm8na Q 5 p@fct81pt C26- illi 

thc r9im?:m?ga emfffsio$t, %ha amtl& aS tihe agpa mabl W mlW 



f'xeo flaw opseotP2elrent t5s oms% u w l d  b@ mi&0c?, f o  aXamtalar;l 

4V4.B9, zp&u.uoing %ha &eRP over the  owst t o  23.IB feet. 

*&tmrin$ J?%- U L r  w l t h  Umsa mP,zms, %fi I t 3  iasxl W f b  

tw peht Jim 'BIPB~*. i;SB$tm X U .  A *m-& jmp w i l U  OOUW 

I w d  Sum awffjPaiemt; O$ &l~crbaz?g@ wU.k 9 gor-t 1-8 theto 'b 

f r r s r ~  f lm  -2ct3-t. 



A - SUBMERGED DAM FOR EXAMPLE 6 
B - TAILWATER - DISCHARGE 

FOR EXAMPLE 7 
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OlSCHAROL PER FOOT OF DAY I N  SEC. 

0 -  DAM FOR EXAMPLE 8 

-,RESULTS OF EXAMPLE 7 
. -Reservoir  surface 
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E- RESULTS OF EXAMPLE 8 

SUBMERGED DAM STUDIES 
DETAILS AND RESULTS OF 

EXAMPLES 6,7 AWQ 8 







ThL sg1~~69 rltb t h e  haad sad Cbm a W M  

roln, HIw olow t o  the pet& an tah%eh sawrgeB. $I& bsgm. 

T M  ~ ~ $ , . S & F  e tbs rrtvre i s  tqr sawtltutbg iZre Rat 

ocapt~besi~ts s q o n t ~ a  Y r dl% TW f ~ m  oa&~* -- lPr= fg. 



I &rwsmstmwma flxm ttzaPa 8- Itor thrraSdti am1I?%tjLum B Q C I O P D ~ ~ ~  bg Q 

&,S prsl~larrm$ f,wmtme l f n  tbaa ea~lelTSaicaad a.f' &lacharge. 4- 

c,-csane, b pr&29ae p r i ~ u % p l l g  by f X w  I%LT@Q~ an4 fit?% IuW3~tr. 

@zzecr.. L14'$gw@ Pba? elsa fadP@at@.s %hat,!r?5aos OB82 %bs w 4 X l  Oas 

aPhl11~2r %a tbwt r~.8ww f~ 8 ran4 Q mi PPgta% IS. PO eho&M 

agiB5az be m t h m  tba% t; gtmtxt~k~ tm Ff-a u a& zae &re 

ZOP X3m a% 4 % ~  6wfgnaB Ihd)8de, 

atha6 watar aWsrem en& pmmsm Q ~ ~ ~ B B L  Tar esEacmngs 

c?trQt~frmd by al;rtrrmginrg ?2m c&$ra~r- $2- Ibaphs €3 a.m.5 P, FBP5g- 

ure 11, aaa arrltip~ybq? the V&W br E, au ~trio.0 Jn h b l a  

&5e 

The ~ r ~ a t a p .  s@ea% as& b3v3ravilZ510 ~ $ @ J I % "  txas TabZe Pgt 

lnrs pZatte4 on 3%g?j,-ee 3.M. ~)PQ$DLZLOP~)S *w hems fiat%m% mr- 

tj,cmZ;by a b w ~  the giofrsts at  whish # ~ y  amil~umb. PI- 

sfntma mi3.y We h@;a~t&lio ~ ~ ~ ~ B U P O P  DPCSX Z;h@ aatn an4 dmms%zxw~ 



* Ro = 10 
b Wat er r Prernure 1 
1 ausf ace t profile 

1 2 t v I '  : I 
x - X : Y : Y a x  r Y  
H, : Fast 8 .  % : ?s,t '!: H, r Best 

6 i . I 



iis?m& 
Rem horr 3osg lmm a wngd Pm a mlfabb meifto% of u#t&m- 

fslnk?; %ha uaZgfa~.it,mta sf' diesehr@ far mrtfi3.I apalwag ma- 



~ s t S ~  t o  utiX1lza the %&@a1 ehlrape. 

. 

The sol id Use an P i g a m  l&f mmmta the Isl]FBeSSe Q? $be 







mteh altlasr tslxaai upsltmmm P a m  at: fhe @(at1683 d k Q I W  m O I D b  

62 %&b%? LX88a %bf$b@Z' titB%bQ& $02 @&$Q@%%&Y 8 @ * ~ ~ f i o i e t ~ r ,  a 
tine ac)rpzpar2sonzsa Zn WIs; ohpWx, %ha amw oP %ha a@%ub~& Etlgia Zihm.X 

s h a p  &mz mada %a oclrkrsl4ca so that %hs arm@@ ss. hb@hamb goin@ 

on t h ~  4x0 a@or?b o d r i ~ t l t t z ~  a amon. p9sfnt. 

3x1 Zhrn ease CPP Canpa Ye- Ihn Bp%llwr%y, BI,gum X S ,  S.M 

aoWal p~ofXLc i*&22re aw%81de or tRs S&@ral abspeb, Waa 3p~.lt$2m 

aa $23 amif iaksnt In 3.66 Fur %ha 1gltPSw1 sht@@ arpEnak; Sr96 for 

the  S&ea?L nhaw* Tho sp%llw&y . F ~ F  E m % s k  Dm, P%@u?@ 1E, %a 

s erWLW wm* 

Pi- 16C shma the, 1~lTe.c~f p-mb an tiha tmeffic11~t 

by bmm&~tn%ng o i  Gbe oaatwil ase&5an 5e at9 Q f  s?0m%i4rw+ 

ors #a o%brsrr. baati, F i g a m +  368 Q&l%aaP;els tha% tam&&= af m e  

apsfswaa pwGlm of fha aeallomtr fe  na& btrlraaso%d. to -8 a+ 

effie36115 gmib%ng tmXfrl%ant s m t u r a  3.0 Snoc~XpWaaislP ; f ~  8he 

i~fse,. 

3 UigrrPr emprdtrctns uf acutal  apC%Zway  hap@@ !!#Ebb oc%rmm- 

psrrJing %&mil ra;hnw tnprt r~haa~lt an B l m  ke, Tt, LPRB ?ita amih P i p  

fem#a. s%%- 

k a r  Inicmm8im on t?vmrfaXT matl~adl wdLh 0ffsetM kt 41ae up- 

@tram fa4169 azw inelcadtrltf os P i ~ a x s  1% 

shapes avcttoa bsmb p s ? e m b ~  Bu nob t 

f a m c l n t  %ha f fneL %eel@ of tfsa Bas spUkwa$m a%@ orhiiah 9hw 

me ib@nt$Pi@4, 8- axe f W &~lbgnra w b U s  ~~ m-a6 



The t t ~ ~ Z ~ ~  rJ1 th4a, at#tW 8ear;lms om&>LoW u&&  FIB mx- 

3F EO %hf% pbt, ZE3*&?j3~ ksS %@i&E ?m Qb.. 
rae M plara arr the eoeff%a;1~at af QtIserhw@, In tihdl Q8sd;s 4+r 



D. HAMILTON DAM SPILLWAY 
YODCL SCILC 1  6 0  
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n. . s t  0 '  c,- r % o - - - - 1 0 t r ~  

E. NORRIS DAM SPILLWAY -. - - 

YODCL SCALE I T 2  
*CS ELEV 1 0 4 7 0  

P + C  . t o t  0 '  CA. 3.60-YOGCL 
M e  . 2 7 0 '  C t . 3  96----IDEAL 

COMPARISON OF DISCHARGE GOEFFICIENTS 
MODEL COEFFICIENT VERSUS IDEAL COEFFICIENT 
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YODEL SCALC 1 2 0  
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aientss of discharge t2e pmannt trhtsptes have been omputedl 

us35r tho nst l s n ~ t h  of ureat ( w i d C B  of plom axcluded) . In the 
c?esl.g or s;~llllmagrs w i t h  p i e r s ,  I t  way be neoessary t o  aeka an 

adJustaan@ fn t 3 ~  A I & c ~ ~ F @  omff i016~t when obtalnuU from tha 

mot" tr' Cha?%ars I1 nad III. For blunt-nwtl piera, Ehs atljast- 

ment m y  be a3;?~00ir~iBle, ~ b l l s  far  well-strawihinad p i a w ,  a 

c a r x z t i o z  -m$- x t  bs necessary, 

t 3 i s  dnt:: as it slam sas l ld  camti*vute a l e ~ @ h y  study. In- 

stsad, t3o  -wsultr; .=,Q a shoe* stadlg on pis=,  zzetde 1s caxmebtloa 

~ 5 t h  t2c s?illzny icy S m d  Coalera D t m ,  w 1 1 1  sslrpe t3o present 

pQr?ose. The ,results sf t3e r t a d y ,  which was I l n l t e d  to the oame 

of no Saelmeter or suba3r .pnce effect d o s r r s t r o a ~  rroo t h e  piers, 

tire shms 011 7 f ~ u x - e ~  89 mr! 29,  .; pmf ile o r  the msrfaU see- 

t l o n  s3said3q %Lo position sf' the piom s l t S  reopeet t o  tha =is 

of LL!e ag%Llway has h s a  tPrm on PLwm 26. Thw t e s t a  included 

7 l e m  s ! ti square, trien<@ar, muadad, a34 s tretmllosd ups traaa 

zosaa, el ~ 0 8 e  5sLnr7 ids~tlf ieff w l t i h  a latter rrtr(,~$sg f ram A 

tkrotzg:: 1. 7rteh nose mas taster: on piers oP dlfroront lengths, 

t h e  leogtt3 being i d e a t l i i e d  by the  nuIwrs I., 8 ,  3, and 4, the 

sallest amber reprcssost:~~ the Xosms& pier.  

In the ua3s of' Pier A ,  w i t h  a oquaro nosc fPfe+ue 29) , the 
0 0 ~ f f i 0 t ~ n t  o f  O1schftre. i o r e u a e d  (LS the  pior was Lengehsned. 











psnrent for Langtb 1 st 9Q fee% Qf Wmrl, The Q- fa 

O;hs aquasrr-nose pfer, shape A ,  (Fi@nm 88) rhiCIh shwb a 6ea~es911~0 

i n  ooo;-)rSct~nt of So8 proant far thl8 short 80. 4 lsmgtb an8 8.0 

pere8nt f o r  U p ) :  f ong 80. I fmg%P1. 

uar=clus%on t o  be Bmwa fraa 6be Porngoing eE&y I s  mat 
far ?r0%Il-8%rea.dSn@d gisrw of .m?t&fm~ langth m Lozqpr, the pla2 

elPoat csa be n@glsated as I t 8  sm~plltiutlta 1io rrlth- tZM @~pag+*el- 

m n t n l  acmtrmoy o? %he data in Chaptam X'3: ant! l X X o  ?..3lnmlCi, hem- 

mer, the piers r?meWt & E b3.unt-nwff type, ft is, aBvtr~ab3.e %a 

~ ~ ~ ~ m t a t  Soz! M'is_paroaoh VeloaL6x 

Tbs quea$jton invariabZ$ arbma as 60 %he oam~~~%a%ioiz & 

t h ~ s  vslmitg h ~ a l f  oi erpproacth bo sgUlmaga. Throu&~uPI t R l %  stay ,  

bs&o mlocritg head 1s based m tihe ratatram velocsi$y of apprn~~eh cpr 

itiaoharge of ap%Uwety divided by uarreapsMm amslexm aggo~sa@b 

ares&, Fha GorIaZfs acmffioiesrt, or oeZoa1ty h w d  oo~"reoOfm, 

no% kmen appXfsd a~ am put at is^ of &Be p m m ~ 0 t  at! P u t m  er0;88- 

saol;Sond. area% oP laost tirars, whPob fs a b~te&t)r, does not wax- 

ZFEXD~ tihi8 B O Q U % U ~ r  

~mqulzer, FLat .( lhz%atdak8 TYW) O v q m a U w w  Seatf 

? i a ~ t & - d a c l r  8p lk lbm wnnIlly aXose4 -6, B c ~ e r a ~ ~  

groPJls of Bha 4=, aoaam-mtiky b b g  aather flat; Ihn lcm&a 

eiadPm3 prwSla and t b s  appso~t@R aRenneZ t~ %ha crg3.Um~ 1s @hale 

law. It was s h m  i n  B&mfla 5 ,  Obaptsr III, #at We eiflairnay 



by W b n g  w e  oP ar rpppall OW@ OP mrfIL~w OEQIIB a% thm @tte me- 

tim. Thla 2s extimsimly S l l u s t r n t d  m Pt-s SO* 3% # an9 Wo 

as f t l a  &?%en dibPtauZt Zo eirbhate fha oaaffiaieab of d2s- 

cher,ga to bo s r p o W d  rn flat, immgt\iO.or 81pillway seprtlonas, tbe 

p e n t  L~fomwtian Paas prspmed k a BaBmatrr 50 enld the de- 

s%,gnar $3 this task, 

R3ParrLng to Fis ,ara 3 8 A ,  the m 3 t B  L3.w mpmmemter tke a.o- 

tnal p t e  b ~ a t f c r  vkPle t k e  Broken I ln@ 2s the Ideal s b a p  aka-  

~otaa f ~ r  %ha t%t&&%Ew head r;nd ~ l J . i ~ g  apprwah ocnditiona. 

70 th  seatiam a m  ;~latt.er% w $ t h  gt ofmmz mFti& dli~, bat ad) 

bsttsr efffeieaag I s  the eatas of the tdsah s b a p  aucrraa Wts 

-st  to  be alevat& a shoaa+ fa athen: x m l s ,  eather s&arpgb 

a313 a?aaeami?nt@ tta 3 ~ 1 ~  discbar@ -per f o ~ t  of length at the 

araxhua maemo&r head; hoatver, to oaapletaLy auggmplb& tb%s 

e e e n q ,  i t  fa necessary to drop e parZion of the api;bhwfay 

ahate art indicated, 

I T h e  ideal  sbages cm F f j g ~ r a s  30, 32, am03 38 w a r e  ocmputed 

t o  sbbaizx th@ f i m x ~ t ~  dfd~hfilf?g@ 6mf~k04@z&t hl eae& oam. The 

ideal mrfltm ae~tibnxi  were3 comgarta& aocrsrdiirtg %o the ~ ~ a C k  

o3tl lnad ki.1 Chapter XI and the pcmitians Of We ohata flmm 

dmr;tatmasc w e r e  deBeraIna3 8s explat11~14 in Chapter I L L  Tn thier 

uase of lP%gum =A, Bhs ooerf talent a$? 4$sobar$p for aa&mm 

hebed was i n c m s e d  frm 2.131 $0 9.77 by t h g  above grou@dttre, 

Thfs kalraa posaibl@ 8 reduotion in the h e w t  of %he grbm on 

t k s  oreat or, ae an lalltcsraratlve, the m w t  @ouLB Ibe he18 $0 Stra 

or ig ina l  alavation, thrra tabhg admatage ol a correegcrad5ng m b  
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spilXway shapes n n A  9lsttsB t3tmfiimtes for the %de& shagsa, 

mguPamc, f la%, overfa3.I 8heip911, the eb698 iaEormaB1an $ma aI.60 

sbmn or, Fiir~;ure 30 for ffw fh3w. The bas%gargd her& 6n We! 

1 arsst Pa 17.3 feet, 

Tbs coam:?tnates enc? ewfftcisat, of dlaata3g-o ape f fm$ 

terntaad for t3e ideal. shaw. bsa&lcn rr, srcrcrgo apptaoh 
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DIMENSlONLESS BLOTTING - 





PLOTTlNO- S C A L E :  2.5". LO 



- .  
DI MENSIONLLSS - PLOTTING- SCALE : 2 . 5 " ~  1.0 
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h 3 o b v i n ~  for !I, cwA m a8 UU%~IRO(~ in Chuptor ZP; , 
G 

3, r L9.05 f e a t ,  
h Ci 

The u~m3kn~9~to8,  obtained frm Tabb L, om tabulatad in 

arSir?ote~t in $6- 0.f 31 
0. 

Tho latter, Idt?ntIfiaa by the b ~ ~ k @ a  

f i n s ,  am plotted on Figure 39, Q 40 engbserr s aaale. 

:;upes%npoesd on t h e  atma F f m  3s t h e  aaturol sha-pa of 

isect;;t~n,  f o r  which $he sadif and dhmasia:sa of YFigusg, 38 hare 

'wen aivi4ed by the quantity 8,. 

:. coaparison Qt the a6P;ual and iCfstltl mrerf"d.1 *spa naw 

existi3 on ?f @me 39 w i t h  0140 bQQff%ole~t.l; knm~,  that  for t h e  

ideritl osat~ whioh i.3 3.95. Tho srh~pser in qusstion ehouPd be plat- 

ted on t n m p n r e n r  pa?or so that they can ba ow-d Qiroo t lg ,  

azB t o  t ! ~ o  s a m  seals, wfch the st;oak sba,wre on F t p e s  3.9 

tkrou* 2?. :has one is fourrd oahioh, olosely correspoxtdzr t o  the 

ozo I n  quwtfon, the caerffiaicnt of discharge for the aotital 

sheae Ps a b b f s s d  P m a  the s t -k  shape. fn case a @ozl mxt@t&pi- 

asn is no t  ~ v a i l a b l s ,  a certain anaunt af fadmest LB m~easarg. 

?rofiufoa~y, however, %a aoqalrad with proatiw, 

The s k g e s  for Ehe : l;xazple,  Fi$urs 39, b a r  a fair  meela- 

Bls:io% to stock ahtlpa 162' on Pigum 28, although the aotuaS rand 

fdaal shapes a m  m~c3m~C. f f s ~ e r t 3 6 1 0 ~ n ,  the diffarsaosss ia &he 

t ~ o  caoaa c o  about tize erne ear? I t  aaa be eatiat;ad tha% the  

sotuol u=ffioimt abnuld W vary oloss t o  3-93 as oolflpmbd Prith 

Z.95 ~ O P  633 f8aaI shape. 

"-'ith t h e  sotual caefficieat For Ehe d m  quostion eatub- 
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ZirPhet? at  3.08, uwl a da~&a.d hima oi Z7.O feet on tho orrat, 

tha aostfloisaW far other h W s  an, ob8a&m& Yrm the avrs cm 

Jigore 1011. Tho coaplated heab-ooetllairnt o m  Sar the a m -  
L Jtmmgla 9 i a  shma plot%@& on 2%- SSu 





fSe1d stxuotuma, that 12 aost uaaes uneymmtriaal flat@ pmaElg 

fneonsff ien t h o  nraintaaanee problem, The at2uaeunes am bs Be* 

slnzad f OP uns~mmtrleal no% aon&Stians but th la  mqaimw a%- 

df.t;bar,al. tmdning %ilraLls or davlttms a t r i eh  b O r m s 9  Znitlall o o ~ t s ,  

2!sooticns ase oaneinunllp sent Pram laborutory t o  t R s  f i s 1 d  fn- 

z+,~t!.3t",.t.?, ~ ~ r a t ~ m  to r~gulat i~  t h e i r  w t o s  %b prwluae 8lyzmeB- 

ricrsl blm p&tsPna whenever 3oam?ibla, Yet wikh~uf;  b t l i u ~ t u m  on 

thq l,rtbtas 5t is iwpossiblo Tor aogn ~s goad! op@ratw t o  o b t ~ a i ~  

n y m t r y  of f lm,  

f t s s u k d  n a t  be a 8fff  f o d t  task t o  hrr.t;all lnexpecsim 

3 ~ " i d a s t 0 ~ %  CE b~istfzg w % ~ ~ ,  B S Z ~  ~ e s h C i o n  bndfaacors ~tkf3ukS wr- 

b3icly be canaldetrtlrd o ~ ~ e t ~ l % a l  eqttflpwzll6r cm future, b n ~ % a l U t i m m ,  

rim ~ X t t i  pw8PbiUEy cf uti2lsing gat;@ sCreraiu~xe as a t a s -  

ing statiolza, as sself as regulating, dmrlieea, pos5%iori Potlic~enDora 

taka on add%tional  im~ortaaoc. 

Phn h.te %r. ?0b93% E. fEol?tcm daostlopstl iormz.la, by aeaas 

aT 23dsT r2d f f s l d  teats ,  for %he 1~metmmgmt cxf flaw under 

nC1.23 c ~ Z 8 3  y,.ham a P la t  floor aRis kivakwrd an& B lay&raulla 

fTzcg cccurrae t?mastmaa, l4 nark owei tutss  ate oondtioa 

of flow ar,C %fro W ~ F  ably 00mr?3 t h i n  base. &%gum BijA 8 h ~ ~  

143txti~n, irob~rt 3., Dloohnrgp oooef l lcienbs for Teiot+r Oatas", 
3ncf nesrPzg TIms-E@oord, 3mueiry 4, 19M. 



w i t h  the 4eveIolgglent 02 a flow eqmWm for the gaQ3 a2mm#8- 

a m t o  shcjran fn Fls~ttm a, D, B, rand P, 8 m p . a t o n t e  B and %3 

am tgblatrl af @fs malions tar e r w h  drsa~l aglllweys and aILxrSa9- 

wn-, w A E l e  E and B are far eranore- darn aspU1wap using oetdfal 

1s ?maemta Azmxsgesanlt 4OC ahma a rrtdtal met9 laraatml d m -  

a~rcssltc frofa t h o  crest of a sgiLIwa7. Th.1Zar type3 of oettirrg re- 

nekm to be invo%tlgat&l. 3 t  nil1 no& be tmmtet3 kg= but *as 

plaasd an PI ,- 40 as a remhdes. 

Wefo~ring Lo ?%gum 80(3 end R, the d%sibherrgp In cr st- 

dq 10 ?$a u TtZ& 

:& the 6ffeat1vc  SOO OIL? 18 inoz~9aae9 for an@as of %he -be, 

less Zhaa 90 degmsa, the exgrorralon for ~810@l%y ban 

?wen &s%err, 
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aocuaulatl~n o f  additional axmrhhtcl ir?2e=tion the above 

~ r c c e n ~ m  ear , nt 2 In tar  &ate, subSaot t o  s sun, rimrous 

a~n lga  9.3, 

s; -alnat biercl~arf~e for  gat^ r~lpedaf~zp at intexwetler of fwo Peat. 

The % m e  i 1 0 ~  o-flloitmt Co r 8,W, m d  6 8 1 ~  X@S@ of wits 

L 0 21.0 feet' 

P,- tihme tic.:, f ive  : r o f i d ~  a m  m.1ts3titrutJw3 I n  equa%Lm (3) 

far each 4no-iaot @.he hSezvn1 md! the rnc~c~01~79,  has b~~lf 

tabcr2obaif i..s 'ila?~L~ 24. 

free f2m Wgiers oaa be da%rsr%PEi@Q rsp,oraxImboXy & zraf@wstcre 

ta  Tabl@s 1 ace 9. 

Jntetinf Table 1 w i t h  t h e  veLm I O.Ql06 (betembed 

$3 Xxa~aSs C) , *As axla,  or file point %he ~saaatidn, emswa 



SPILWY DISCHAROI FOR ONZ GATE--COMEVTATIOh'S FOR EXdMPLE 10 

C, = 3-98 L a 21.0) y = 0.465 

s 

D H : 5 . : Q :Bcesrvoir 
Pect : Poet r fi F t degreasr Sin.9 tc.f.a.: elevation 
2 : 1: : 0.500 : 0.646 : 73.5 : 0.960 : 422 : 1551 

: 7 : -286 : ,397 : : 6 0 0 :  1554 
: 10 : -200 : ,284 : : 732 : 
: 14 

1557 
: .lLj : ,208 : : 886 : 1561 

: 17 : ,118 : -171 : . . : 978 : 1564 

4 : 6 :0.667 : 0.~0s : 79.5 :o.g83 : g46: 1553 
: 10 : -400 : .535 : 
: 14 

: 1350 : 1557 
: -286 : ,397 : : 1650 : 1561 

: a7 : .255 : - 3 9  : : 3840 : 1565 

6 : 8 :O.EO : o.s'lfj : 85.5 :0.994 : 1560: 1555 
11 : .545 : -693 : : 2000 : 1558 

! 14 : .kg : -569 : 1561 
: 17 : .353 : , 4 8 0 :  . 2 I,,& 

8 : 10 : O.RO0 : 0.911 : (90 : 1-00 : 2260 : 1557 
: 12 : ,667 : -so8 : ; ;: *g ; ;%Y 
: 14 : ,571 : -719 : . : 29 
: 17 : ,470 : .614: : 3370 : 1564 

10 . :  12 : 0.833 : {gO : 1.00 : J o p :  1559 
: 14 : .71k j : : 970 . . a561 
: 16 : .625 : ,770 : : 1563 - 
: 17 : ,568 : -736 : : 15, . . : 

12 : 13 : 0.922 : 0,978 : (go : i,m : ---: - 
: 15 : 0.800 : -,911 : 1 .  ; ; : 4140 : 1562 

3 : 17 : 0.705 : -840 : : 16600 : 1564 
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